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Air pollution poses a significant threat to human health and environmental sustainability,
exacerbated by anthropogenic activities such as industrial emissions, vehicle exhaust, and
fossil fuel combustion. Major pollutants include carbon monoxide (CO), nitrogen dioxide
(NO2), hydrocarbons (HC), sulfur dioxide (SOz), ozone (Os), particulate matter (PMzs),
particulate matter (PMuo), and etc. In this study, an Early Warning System (EWS) was
developed integrating sensors, microcontroller, IEEE 802.11 network, web interface
monitoring, and Instant Messaging. The system uses the CART algorithm to analyze the
data, with sensors that detect CO, NOz, and HC. The evaluation of the system
demonstrated its effectiveness, with recorded pollutant concentrations of 1.401 ppm for
CO, 0.639 ppm for NO2, and 0.860 ppm for HC, and identified correlations between these
pollutants. The EWS proved capable of providing timely alerts, ensuring continuous
monitoring and management of indoor air quality, and contributing to public health and
environmental protection.
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1. INTRODUCTION

a microcontroller, a back-end server, a web interface, and a

Air is a vital element in our lives today. This element is
starting to be threatened by increasingly worrying
pollution. These pollutants include several levels, namely
SO, Oz, PMys, PMiy, CO, NO,, HC, Dust (TSP), PB,
Fluorine Index, Chlorine and Sulphate Index [1], [2]. Over
the years, the rapid increase in the use of motor vehicles
and industrial activities along with population growth has
caused serious problems for air quality and human health
[31, [4], [5], [6]. At certain levels, it can have a dangerous
impact on human health, such as respiratory diseases,
strokes, lung cancer, and even death [7], [8], [9], [10].

CO is produced by incomplete combustion [11], [12], [13].
CO is a dangerous gas that causes respiratory and
cardiovascular problems. NO, from the combustion
process affects lung health and can worsen asthma. HC
formed during the combustion of fossil fuels, are
carcinogenic and mutagenic. These pollutants are
chemically related in that CO is formed from incomplete
combustion, while NO; is produced from nitrogen reacting
with oxygen at high temperatures, and HC emissions occur
when combustion is incomplete [14], [15], [16]. Air quality
is assessed using ISPU scores, categorizing pollutants into
levels from subtle to hazardous, guiding health standards to
reduce the impact of pollution.

This study presents the proposal of an EWS for air
pollutants such as CO, NO2, and HC that integrates sensors,
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Telegram bot, also applies the CART algorithm for data
analysis. Strategically placed sensors in the laboratory
collect data that are sent to a microcontroller for initial
processing and then transmitted to a central server for
analysis and storage. The web interface displays real-time
data, while the Telegram bot sends immediate notifications
when pollutant levels change significantly. The web
application offers features such as real-time data display,
CSV data downloads, and integration with Telegram for
alerts.

The evaluation of the air quality EWS demonstrated its
effectiveness in monitoring pollutants such as CO, NOg,
and HC, using the Air Pollution Standards Index (ISPU) to
categorize air quality and issue alerts when necessary.
During tests conducted in November and December 2023,
the system successfully recorded air quality data,
identifying a rare hazardous event and frequent moderate-
quality readings. The results showed average pollutant
concentrations of 1.401 ppm for CO, 0.639 ppm for NO;,
and 0.860 ppm for HC, with small fluctuations and stable
readings. The early warning notifications, sent through
Telegram, effectively alerted users to changes in air quality,
mainly when it fell into medium or dangerous categories.
The structure of the rest paper consists of Section Il
presents several studies related to this paper, Section 11l
describes the measurement of air conditions, Section IV
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describes the design of the early warning system, Section
V describes the implementation of the system, Section VI
evaluates the implemented system, and finally, Section VII
presents a comprehensive conclusion with future work.

2. RESEARCH SIGNIFICANCE

This research addresses the urgent issue of air pollution and
its detrimental effects on public health and environmental
sustainability by developing an Early Warning System
(EWS) for indoor air quality monitoring. By leveraging
advanced technologies such as sensors, microcontrollers,
IEEE 802.11 networks, and web-based interfaces, this
study provides a practical and innovative approach to
managing pollutant levels in real-time. The use of the
CART algorithm enhances the system's ability to analyze
and identify correlations among pollutants like carbon
monoxide (CO), nitrogen dioxide (NO.), and hydrocarbons
(HC), enabling data-driven decision-making. The findings
not only demonstrate the system's effectiveness in detecting
and monitoring air quality but also highlight its potential as
a preventive tool to mitigate health risks and environmental
impacts.

This research is significant for advancing loT-based
environmental monitoring systems and offers scalable
solutions that can be adapted to other settings. The
integration of real-time alerts through instant messaging
further underscores the practicality of the system in
promoting immediate action to safeguard public health.
Ultimately, this study contributes to the broader goals of
sustainable development and environmental protection
while serving as a model for similar efforts worldwide.

3. RELATED STUDIES

In 2019, Salman et. al. conducted a study on the
development and implementation of a wireless sensor
network (WSN) based indoor air quality monitoring system
for real-time data visualization and recording, using
infrared sensors that measure COj, temperature, and
humidity. This study required high costs when applied in
large buildings, and the spatial and temporal prediction
capabilities of this system were limited [17].

In 2020, Dionova et al. conducted a study that developed a
Fuzzy Inference (FIS) based system to monitor and control
indoor air quality and thermal comfort. This system is able
to measure and classify air quality but is limited to the
pollution parameters used. In this study, the reasoning
process is inadequate to accurately classify air pollutants
and thermal comfort separately [18].

In 2020, Sharma et al. conducted a study on the
ICEEMDAN-OS-ELM system. This system is useful in
processing complex data to predict pollutants such as PMz s
and PMy, with real-time data visibility through a hybrid
machine learning model [19]. The strength of the system
lies in its ability to handle large-scale data and provide
detailed predictions for health risk mitigation. However,
the system does not focus on ease of use and accessibility
to wusers, making it unsuitable for practical daily
applications.

In 2023, Son et. al. study developed an automated
intervention to control indoor air quality (IAQ) based on
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PM2s sensors during cooking and cleaning activities.
Although the intervention significantly reduced PMas
concentrations, this difference was not perceived by
participants, indicating that the reduction was not sufficient
to improve IAQ satisfaction. The study concluded that there
was a lack of impact on participant's perceptions,
highlighting the need for further research to understand the
threshold of perception and the effects of automated control
on 1AQ [20].

4. AIR CONDITION MEASUREMENTS

This section explains the process of measuring air
conditions, including the sources of pollutant gas
formation, the chemical reactions of each gas, and the
relationship of each level involving the monitoring of the
main pollutants such as CO, NO,, and HC.

Pollutant Substances

Pollutants are substances or materials that cause pollution.
When these substances are released into the environment in
excessive amounts, they can disrupt the balance of the
ecosystem and harm human health. Pollutants can be
categorized in various ways, including by source, type, and
impact. Some of the main types of pollutants include air
pollutants, water pollutants, and land pollutants. In air
pollutants, there are several levels of gases that fall into the
category of air pollutants, namely, SO, Oz, PM25, PMyj,
CO, NOy, HC, Dust (TSP), PB, Fluorine Index, Chlorine
and Sulphate Index [1], [2].

A. CO

According to Chiew (2014) [21], carbon monoxide CO is a
toxic gas that is tasteless, colorless, and odorless, rendering
it invisible to human senses. It is generated by vehicle
exhaust as well as incomplete combustion of fuels like
wood, coal, and industrial activities [22]. Prolonged
exposure to elevated carbon monoxide levels may swiftly
result in significant physical harm via many pathways [23].
More severe poisoning may show up as loss of
consciousness, sudden cardiac arrest, and death [24]. Mild
CO poisoning often manifests with nonspecific symptoms
including nausea, headache, and weariness [25], [26].

B. NO2

Poisonous gas NO- is often engaged in a variety of chemical
reactions in both the environment and industrial operations
[27]. Fossil fuel burning in automobile engines, power
plants, industries, lightning strikes, and microbiological
activities all produce NO,. Monitoring and lowering NO;
levels in the environment is vital because of its detrimental
effects on lung health, exacerbation of asthma symptoms,
and potential link to cardiac issues [28], [29], [30]. Reliable
detection is crucial since prolonged exposure, even at low
doses, may result in asphyxiation.

C. HC

HC are organic compounds formed by chemical
compounds consisting of two main elements, namely
carbon (C) and hydrogen (H). These compounds are formed
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through the combustion of fossil fuels, industrial processes,
the use of organic solvents, emissions from plants (VOC),
forest fires, and the activity of microorganisms [31]. HC
have been studied intensively because of their
carcinogenic, mutagenic, and teratogenic potential [32].

Air Quality

Air is one of the things that every living creature on earth
needs. As time goes by, air quality is decreasing due to the
large number of human activities. The results of this
combustion produce a lot of pollutants. CO tends to be
odorless, intangible to the naked eye, and tasteless. In Table
1 is a range of ISPU values where ISPU regulates healthy
air standards that meet the level categories determined by
the government [1], [2]. In Table 2 several categories of
pollutants based on ISPU are presented.

Table 1. ISPU categories and range numbers

No Category Number Range
1 Good 000-050
2 Medium 051-100
3 Unhealthy 101-200
4 Very Unhealthy 201-300
5 Dangerous >301

Table 2. ISPU values for different pollutants

Number PMw PM2_5 SOz CcO 03 NOz HC

Range
000-050 50 15,5 52 4000 120 80 45
051-100 150 55,4 180 8000 235 200 100
101-200 350 1504 400 15000 400 1130 215
201-300 420 250,4 800 30000 800 2260 432
>301 500 500 1200 45000 1000 3000 648

Pollutants such as CO, NOz, and HC are especially
hazardous due to their invisible and odorless nature,
making them difficult to detect without proper monitoring
tools. The ISPU values, as shown in Table 1 and Table 2,
serve as a benchmark for determining air quality levels. By
understanding these pollutant categories and their
thresholds, it becomes crucial to develop reliable
monitoring systems that can provide real-time data and
ensure adherence to air quality standards, ultimately
protecting public health and fostering a healthier
environment.

5. DESIGN OF EARLY WARNING SYSTEM

This section explains the design of an EWS that includes
system requirements and system architecture.

5.1 System Requirements

An EWS is a system designed to detect, analyze, and
inform the public about potential dangers or upcoming
threats. It integrates CO, NO,, and HC sensors, a
microcontroller, a backend server, a web interface, and a
Telegram bot. Sensors are strategically placed in
mechatronics laboratories. Data from the sensors is sent to
the microcontroller for initial processing, then sent in real-
time to the backend server. The backend server stores and
analyzes the data, which is then displayed in a web interface
for visualization. The instant messaging (Telegram) bot
provides real-time notifications when there are significant
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changes in air quality. This system ensures efficient and
timely collection, analysis, and delivery of air pollutant
data.

As shown in Figure 1 the system block diagram of EWS air
pollution. This system consists of several sensors that
detect CO, NO,, and HC which are all connected to the
Nodemcu microcontroller. Data from these sensors is sent
wirelessly using a microcontroller and connected to the
IEEE 802.11 network to the gateway. The gateway then
forwards the data over the internet to the server for data
acquisition. Data collected on the server is stored in a
database and can be accessed via the web for further
analysis. This system also has warning and analytical
features to process and display information regarding air
pollution levels.

.
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Fig 1. System Block Diagram.

By utilizing a web interface, users can access detailed
visualizations, historical data trends, and insights to
identify patterns and potential risks. The Telegram bot
enhances the system's accessibility by delivering instant
alerts directly to users' devices, enabling swift action to
mitigate health and safety hazards.

5.2 Design of System Architecture

The system architecture consists of several sensors that
detect CO, NOy, and HC, all of which are connected to a
Nodemcu microcontroller. Data from this sensor is sent
wirelessly using the IEEE 802.11 network to a gateway.
The gateway then forwards the data via the internet to the
server for data acquisition. Data collected on the server is
stored in a database and can be accessed via the web for
further analysis. This system also has warning and
analytical features to process and display information
regarding air pollution levels.

A. Adopted lIoT

The Internet of Things (loT) in air quality monitoring
systems facilitates data sharing and communication
between several sensors and devices over an internet
network. Pollutant concentrations such as carbon monoxide
CO, NO,, and HC are measured by these sensors, which
then transmit the data in real-time to a central server.
Continuous, automatic, and real-time monitoring of air
quality is made possible by IoT, and this is essential for
issuing early warnings and implementing preventative
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measures. Additionally, by using 10T, the system may make
choices based on data and perform data analysis in a
dispersed way, increasing operational efficiency.

B. Instant Messaging

The design of this instant messaging system in Figure 2
communication flow in the EWS prototype involves
several components via the cloud. Sensors read data which
is then collected and processed by a server or computer in
the network. This processed data is sent to the cloud, which
acts as an intermediary to transmit information to the
Telegram bot. The Telegram bot, which interacts with the
Telegram server, is used to send notifications or
information to users in real-time. This data flow allows the
system to provide warnings or information to users via the
Telegram platform quickly and efficiently.

7
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Fig 2. Integration of system architecture

This system adopts an architecture with the main
components including 10T sensors, gateways, backend
servers, and instant messaging platforms. Air quality data
collected by the sensors will be sent to the gateway, and
then forwarded to the backend server for processing. The
backend server will compare the data value with a
predetermined threshold. If the value exceeds the threshold,
the server will send a request to the instant messaging
platform to send notifications to relevant users.

C. Web Application

The web application features include reading data display,
data download feature to CSV format, and integration with
Telegram for alert notifications. The website provides a
user-friendly interface to display real-time air quality
reading data, including CO, NO,, and HC, and ISPU levels
detected by installed sensors. Users can view table data that
shows fluctuations in pollutant levels over time, making it
easier to monitor air quality conditions at the observation
location. This feature allows users to download all the
reading data that has been collected in the form of a CSV
file, which can then be processed using data analysis
software.

6. SYSTEM IMPLEMENTATION

This section discusses implementing the system that
includes.

6.1 loT Functions

The air quality early warning system developed in this
research integrates catalytic gas sensors to detect
concentrations of CO, NO,, and HC. The entire system is

shown in Figure 3.
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Fig 3. Circuit diagram and working of the EWS.

This system uses the Classification and Regression Tree
(CART) algorithm for data analysis and is equipped with a
microcontroller for real-time data transmission with the
IEEE 802.11 network. Data from the sensors is sent
wirelessly to the gateway, which then forwards it to the
server for data acquisition and processing. The collected
data is stored in a database and can be accessed via a web
interface for further analysis.

6.2 Web Interface

The web interface design focuses on ease of use and
accessibility, ensuring that users can quickly understand the
information presented and take the necessary actions. The
website is designed to represent data as in Table 3 then, the
reading data can be downloaded into CSV format, besides
that it can also be accessed to Telegram via the website.

Table 3. Display of data retrieval results on the web application.

No  Sensor Sensor Sensor Location NO, [ef6] HC ISPU Time
(CO) (NOy) (HC)

1 MQ7 MQ135 MQ2 Indoor 0.61 144 088 GOOD  12/07/20
24 13:02
2 MQ7 MQ135 MQ2 Indoor 0.62 144 086 GOOD  12/07/20
2413:02
3 MQ7 MQ135 MQ2 Indoor 063 142 088 GOOD 12/07/20
24 13:02
4 MQ7 MQ135 MQ2 Indoor 063 142 083 GOOD  12/07/20
24 13:02
5 MQ7 MQ135 MQ2 Indoor 065 145 0.88 GOOD  12/07/20
2413:01
6 MQ7 MQ135 MQ2 Indoor 064 137 084 GOOD 12/07/20
2413:01
7 MQ7 MQ135 MQ2 Indoor 061 141 083 GOOD  12/07/20
2413:01
8 MQ7 MQ135 MQ2 Indoor 065 142 088 GOOD  12/07/20
2413:01
9 MQ7 MQ135 MQ2 Indoor 061 147 088 GOOD  12/07/20
2413:01
10 MQ7 MQ135 MQ2 Indoor 0.62 141 086 GOOD  12/07/20
2413:01

6.3 Telegram Notifications

Telegram bots are configured to receive data from backend
servers and send real-time notifications to users. This
configuration involves creating a bot, obtaining an API
token, and setting up a webhook to receive data. Telegram
bots allow users to receive alerts directly on their devices
and respond quickly to dangerous air pollution conditions.
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In addition, special bots can be developed for the EWS
which automatically sends warnings and information
regarding the danger being faced in the form of consecutive
messages at certain ISPU levels and statuses.

7. EVALUATION
This section discusses the evaluation of the system.
7.1 Evaluation Scenario

To determine how well the air quality EWS informs users
of changes in air quality that might have an impact on their
health and safety, a scenario assessment of the system was
carried out. The system is intended to monitor important
pollutants, such as CO, NOz, and HC, and classify air
quality using the ISPU. When the ISPU classifies air
quality as moderate to dangerous, an alarm is sent off. The
device reported generally excellent air quality throughout
the tests.

7.2 Results on Pollutant Detection

Based on the reading data for CO, NO,, and HC, the
frequency of data collection per minute is 15 data with a
delay per data transmission of around 4 seconds. The
average CO concentration was recorded at 1,401 ppm with
a concentration range of 1,260 ppm to 1,580 ppm, showing
small but stable fluctuations. The average NO;
concentration was 0.639 ppm ranging from 0.580 ppm to
0.700 ppm, showing stability with a slight decrease at some
time points. Meanwhile, the average HC concentration was
0.860 ppm with a range of 0.780 ppm to 0.920 ppm,
showing small but stable fluctuations. The line graphs for
the three gases indicate variations that may be related to
changes in activity or environmental conditions at certain
times within the data collection period.

7.3 Early Warning Notifications

The early warning system using the Telegram platform is
activated if the ISPU category from data processing shows
the category "Medium" to "Dangerous". If the ISPU data
shows the category "Medium," then a message will be sent
automatically by the EWS bot to the user's account via the
EWS group. In testing conducted on November 25, 2023,
the data showed that the frequency most often appeared in
the "Good" category, with only one occurrence of the
"Dangerous" category recorded at 22:25:21. Additionally,
the data revealed that the frequency most often occurred in
the "Medium" category on December 7, 2023, between
14:21:14 and 15:47:21, with a frequency of 8 times per
minute. Furthermore, throughout that time range, the
"Good" category also often emerges. Based on the test
findings, it can be said that Telegram's early warning
system can identify changes in the quality of the air and
promptly alert users when the air quality falls between
"Medium" and "Dangerous".

7.4 Pollutants Interrelationships Analysis

CO concentration in parts per million (ppm) over time in
the room is depicted in the graph shown in Figure 4. It can
be observed that the CO concentration varies with
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significant fluctuations. At the beginning of the observed
period, the CO concentration was around 1.35 ppm. As
time progresses, there is a gradual increase in CO
concentration  with  some obvious spikes. CO
concentrations peaked at around 1.55 ppm, before
experiencing a fairly sharp decline towards the end of the
observation period. The fluctuations seen in the graph
indicate that there are dynamic changes in indoor CO levels
over the observed period. Sudden spikes and drops can be
caused by several factors, such as human activity, room
ventilation, or other sources of CO in the room. Overall,
analysis of these graphs shows that despite variations in CO
concentrations, levels remained within a relatively safe
range for this observation period. However, it remains
important to monitor continuously to ensure that CO
concentrations do not reach dangerous levels.

Carbon Monoxide (CO) Over Time

3
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Fig 4. Graph of CO, NO,, and HC

This graph depicts variations in NO; concentration in parts
per million (ppm) over time indoors. From this graph, it can
be seen that the NO. concentration experienced quite
significant fluctuations during the observation period. At
the beginning of the observation period, the NO;
concentration was around 0.68 ppm. This concentration
then shows a gradual decreasing trend with several
significant peaks and valleys. The highest peak seen was
around 0.72 ppm, while the lowest concentration recorded
was around 0.58 ppm. This graph also shows the presence
of some sudden fluctuations that can be caused by changes
in indoor activity, such as the use of equipment that
produces NO; or changes in ventilation. Overall, these
graphs show that indoor NO; concentrations varied over the
observed period. Despite fluctuations, NO- concentrations
tend to fall within a less dangerous range, but it is still
important to continuously monitor NO, levels to ensure
safe and healthy indoor air quality. The fluctuations that
occur also highlight the importance of managing
ventilation and sources of NO; indoors to avoid increasing
concentrations that could be dangerous.

A histogram and boxplot for three gases CO, NO, and HC
are shown in Figure 5. The boxplot shows possible outliers
together with a five-figure statistical overview (minimum,
first quartile, median, third quartile, and maximum) and the
frequency distribution of the concentration values of each
gas.
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The correlation matrix between the three variable CO, NO,
and HC is shown in Figure 6. The correlation coefficient in
this matrix, which ranges from -1 to 1, is used to indicate
the direction and strength of the association between these
variables. Perfect positive correlation has a value of 1,
perfect negative correlation has a value of -1, and no
correlation has a value of 0.

Correlation Matrix of CO, NO;, and HC

Cco

NO;

HC

NO,

co HC

Fig 4. Matrix correlation of CO, NO,, and HC

The correlation matrix reveals that while CO has almost no
correlation with NO;, CO shows a moderate negative
relationship with HC. In contrast, NO, and HC have a
strong positive correlation, indicating that these two
pollutants tend to increase or decrease together.
Understanding these relationships is critical for air quality
management and pollution control strategies. This
relationship is demonstrated where, when oxygen is
reduced during combustion, it increases the formation of
CO, while NO; and HC are reduced. Conversely, when
high temperatures during combustion increase the
formation of NO, and HC, CO is reduced. This proves that
NO; and HC measurements have a strong positive
correlation.

8. CONCLUSIONS

This paper presented an air quality early warning system
utilizing loT devices equipped with catalytic gas sensors to
monitor concentrations of CO, NO,, and HC. The system
uses the Classification and Regression Tree (CART)
algorithm for data analysis. A web application was
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developed for real-time data visualization and CSV
download, complemented by Telegram notifications for
immediate user alerts. During the evaluation, the system
demonstrated its effectiveness in detecting and reporting
pollutant concentrations in real-time. Subsequent efforts
will focus on improving the precision and dependability of
the system, broadening the scope of contaminants seen, and
using sophisticated machine learning methodologies to
improve prognostic capacities. Further development
through expanding the system’s indoor or outdoor test
points can be considered.
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